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(54) Voltage conversion system and method and recording medium 



(57) A battery voltage is increased in a converter 
(1 2) and is input to an inverter (14) that supplies a motor 
(16) with a motor drive current. A control unit (26) de- 
tects input and output voltages of the converter (1 2) from 
outputs of voltage sensors (20, 22) and controls the 
switching in the converter (12) in accordance with the 



detected input and output voltages. When one of the 
sensors (20, 22) fails, the control unit (26) estimates the 
voltage that would have otherwise been detected by the 
failed voltage sensor based on the switching state In the 
converter (12) and the voltage detected by the other 
voltage sensor. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

[0001] The Invention relates to a voltage conversion 
system which converts voltage using a converter, a volt- 
age conversion method thereof, and a recording medi- 
um that stores a program for implementing the voltage 
conversion method. 

2. Description of Related Art 

[0002] An inverter has generally been used for driving 
an alternating current (AC) motor such as a permanent 
magnet motor. More specifically, direct current supplied 
from a battery is converted into a desired form of alter- 
nating current by means of an inverter and thereafter is 
applied to a motor to drive it. Especially, in an electric 20 
motor vehicle or a hybrid motor vehicle, it is necessary 
to finely control the output of the motor, therefore such 
a system using an inverter is preferably used. 
[0003] I n a case that a motor is driven by use of a sys- 
tem including an inverter as described above, however, 25 
when an input voltage of the inverter is low, it may cause 
an undesirable state where current necessarily be- 
comes high to achieve a high output of the motor. In view 
of this, there is a demand for maintaining the input volt- 
age of the inverter sufficiently high. On the other hand, 30 
a battery is basically constituted of battery cells each 
having output voltage of approximately 1 V. For obtaining 
a high battery voltage, therefore, it is necessary to con- 
nect many battery cells in series. To avoid this, it is de- 
manded, on the contrary to the above demand, that the ss 
battery voltage is made as low as possible. 
[0004] In view of the above situation, it has been pro- 
posed to increase a battery voltage by means of a boost 
converter and thereafter input it to an inverter. With this 
arrangement, it is possible to set a high inverter input 40 
voltage even if the available battery voltage is low. 
[0005] Fig. 6 shows one example of such a conven- 
tional motor drive circuit including a converter. A positive 
terminal of a battery 10 is connected to a converter 12 
that includes a coil L and transistors Q1 , Q2. One end 45 
of the coil L is connected to the positive terminal of the 
battery 1 0. An emitter of the transistor Q1 is connected 
to the other end of the coil L while a collector thereof is 
connected to a positive output line of the converter 12 
(a positive bus bar of an inverter), and a collector of the so 
transistor Q2 is connected to the same end of the coil L 
and the emitter of the transistor Q1 while an emitter 
thereof is connected to a negative terminal of the battery 
1 0 (a negative output line of the converter 1 2 connected 
to a negative bus-bar of the inverter). Further, diodes 
D1 , D2 are respectively connected between the emitter 
and the collector of the transistors Q1 , Q2, so as to allow 
the current to flow therethrough only in one direction 



from the emitter side to the collector side. 
[0006] The transistors Q1 , Q2 are switched on/off al- 
ternately to change an "ON" time ratio therebetween as 
needed for achieving a desired high output voltage of 
the converter 12. 

[0007] Besides, a smoothing capacitor C is arranged 
between the positive and negative output lines of the 
converter 1 2 so as to smooth the output of the converter 
12. 

[0008] The positive and negative outputs of the con- 
verter 12 smoothed by the capacitor C are respectively 
input to the positive and negative bus bars of the inverter 
14. The inverter 1 4 includes six transistors Q3 to Q8 and 
is adapted to produce three different phase outputs. 
More specifically, the transistors Q3 and Q4, the tran- 
sistors Q5 and Q6, and the transistors Q7 and Q8 are 
respectively connected to each other in series between 
the positive and negative bas bars, thus forming three 
phase arms. Each connecting point between the tran- 
sistor located in the upper side of each phase arm, 
namely the transistor Q3, Q5, or Q7, and that located in 
the lower side thereof, namely the transistor Q4, Q6, or 

Oft nrnvirioe oo/«h i>k«f>/s ai«^.<« .<«u. : a « , 
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diodes D3 to D8 are respectively connected between 
the emitter and the collector of the transistors Q3 to Q8 
so as to allow the current to flow therethrough only in 
one direction from the emitter side to the collector side. 
[0009] Each of the three phase outputs of the inverter 
14 is connected to one end of a corresponding one of 
phase coils of a three-phase AC motor 16 (hereinafter 
will be simply referred to as "motor 16"). 
[001 0] With the motor drive circuit constructed as de- 
scribed above, when driving the motor 16, necessary 
one or ones of the transistors Q3 to Q8 are switched on 
such that the transistors in the upper side of the respec- 
tive phase arms and the transistors in the lower side 
thereof are not ON at the same time, thus applying three 
phase currents shifted by 120° from one another to the 
motor 16. 

[0011] In this circuit, there also provided voltage sen- 
sors 20a, 20b, 22a and 22b, and current sensors 24a : 
24b and 24c. The voltage sensors 20a, 20c are both 
used for detecting the voltage of the battery 1 0 (battery 
voltage: converter input voltage) while the voltage sen- 
sors 22a, 22b are both used for detecting the voltage of 
the capacitor C (converter output voltage: inverter input 
voltage). The current sensors 24a, 24b, and 24c are 
used for detecting the respective phase currents applied 
to the motor 16. The detected values of these sensors 
and command values for controlling the motor output 
are input to the control unit 26. In accordance with these 
values, the control unit 26 switches on/off the transistor 
Q1 in the upper side of the converter 12 and the tran- 
sistor Q2 in the lower side thereof so as to obtain a de- 
sired output voltage of the converter 12, while switching 
on/off the transistors Q3 to Q8 of the inverter 14 so as 
to bring the output of the motor 16 to a motor output 
command value. 
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[001 2] The operations of the converter 1 2 and the in- 
verter 14 are both controlled using a so-called PWM 
(Pulse Wave Modulation) control. More specifically, a 
desired voltage command value is set with respect to a 
predetermined triangular carrier (wave), and the duty ra- 
tio between the transistors Q1 , Q2 is adjusted to control 
the voltage conversion (i.e. voltage increase rate or volt- 
age decrease rate). 

[0013] On the other hand, when controlling the output 
of the motor 16, the transistors Q3 to Q8 of the inverter 
14 are switched on/off according to a result of a com- 
parison between a voltage command value for the 
phase outputs and the predetermined triangular carrier 
(wave), so as to achieve the voltage command value. 
[0014] In the motor drive circuit shown in Fig. 6, as 
described above, there also provided two voltage sen- 
sors 20a, 20b for detecting the voltage of the battery 1 0 
and another two voltage sensors 22a, 22b for detecting 
the voltage of the capacitor C. This is because it is nec- 
essary to detect the input and output voltages of the con- 
verter 12 and to detect the input voltage of the inverter 
14 for controlling their operations. With the two voltage 
sensors (20a and 20b, or 22a and 22b) provided in each 
location, further, the voltage can be reliably detected 
even in the event of a failure of each voltage sensor. 
[0015] More specifically, having two voltage sensors 
in each location as above makes it possible to detect 
the voltage even when one of the sensors fails, and thus 
provides the fail-safety of the system. However, such ar- 
rangement involves a problem that the overall cost of 
the system becomes high since four sensors are need- 
ed. Also, such arrangement may further cause the fol- 
lowing problems. That is, the converter 12 becomes un- 
controllable when the voltage sensors 20a, 20b for de- 
tecting the voltage of the battery 10 both fail, and the 
converter 12 and the inverter 14 both become uncon- 
trollable when the voltage sensors 22a, 22b for detect- 
ing the voltage of the capacitor C both fail. 

SUMMARY OF THE INVENTION 

[001 6] In view of the above problems, the present in- 
vention has been made to provide a voltage conversion 
system which includes a reduced number of voltage 
sensors and is capable of performing a failsafe opera- 
tion in the event of a failure of each sensor, a voltage 
conversion method thereof, and a recording medium 
storing a program for implementing the voltage conver- 
sion method. 

[0017] A voltage conversion system according to a 
first embodiment of the invention includes a converter 
that converts voltage, a converter control portion serving 
to variably control widths of the voltage to be converted 
in the converter, an input voltage sensor that detects an 
input voltage of the converter, an output voltage sensor 
that detects an output voltage thereof, and a control unit 
adapted to determine the presence of an abnormality of 
the input or output voltage sensor on the basis of the 



controlling state in which widths of the voltage to be con- 
verted is controlled by the converter control portion. 
[0018] According to the first embodiment of the inven- 
tion, a failure of the input or output voltage sensor is de- 

3 tected on the basis of the controlled state of widths of 
the voltage to be converted in the converter, such as the 
switching state (duty ratio) of the switching elements 
constituting the converter. Thus, the detection of a fail- 
ure of each voltage sensor can be effected without pro- 

10 viding two voltage sensors in each location, namely 
without providing two voltage sensors for detecting the 
input voltage of the converter and another two voltage 
sensors for detecting the output voltage thereof. 
[0019] Also, when a failure of one of the input and out- 

15 put voltage sensors is determined, the control unit may 
estimate the voltage that wou Id have otherwise been de- 
tected by the failed voltage sensor on the basis of the 
controlled state of widths of the voltage to be converted 
and the output from the other voltage sensor operating 

20 normally. 

[0020] A voltage conversion system according to a 
second embodiment of the invention includes a convert- 
er that converts voltage, a voltage detection device that 
detects input or output voltage of the converter, a con- 

25 verter control portion that variably controls widths of the 
voltage to be converted in the converter, and an estima- 
tion portion that estimates one of the input and output 
voltages of the converter that has not been detected by 
the voltage detection device on the basis of the control- 

30 ling state in which widths of the voltage to be converted 
is controlled by the converter control portion. 
[0021 ] According to the second embodiment of the in- 
vention, when one of the input and output voltage sen- 
sors fails, the voltage that would have otherwise been 

£5 detected by the failed voltage sensor is estimated on the 
basis of the controlled state of widths of the voltage to 
be converted in the converter (i.e. the duty ratio in the 
converter) and the voltage detected by the other voltage 
sensor operating normally. Thus, even if one of the input 

40 and output voltages is not detected, the control is con- 
tinued by estimating the undetected voltage. 
[0022] According to a voltage conversion method of 
a third embodiment of the invention, a system includes 
a converter which converts voltage and is controlled to 

45 variably change widths of the voltage to be converted, 
an input voltage sensor for detecting an input voltage of 
the converter, and an output voltage sensorfor detecting 
output voltage thereof, the system being adapted to de- 
termine the presence of an abnormality of the input or 

so output voltage sensor on the basis of the controlled state 
of widths of the voltage to be converted in the converter. 
[0023] According to the third embodiment of the in- 
vention, a failure of the input or output voltage sensor is 
detected on the basis of the controlled state of widths of 

55 the voltage to be converted in the converter, such as the 
switching state of the switching elements constituting 
the converter (i.e. the duty ratio in the converter). Thus, 
the detection of a failure of each voltage sensor can be 
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effected without providing two voltage sensors in each 
location, namely without providing two voltage sensors 
for detecting the input voltage of the converter and an- 
other two voltage sensors for detecting the output volt- 
age thereof. 

[0024] According to a voltage conversion method of 
a fourth embodiment of the invention, a system includes 
a converter which converts voltage and is controlled to 
variably change widths of the voltage to be converted, 
and a voltage detection device for detecting the input or 
output voltage of the converter, the system being adapt- 
ed to estimate one of the input and output voltages of 
the converter that has not been detected by the voltage 
detection device on the basis of (1) the controlled state 
of widths of the voltage to be converted in the converter 
and (2) the other of the input and output voltages that 
has been detected by the voltage detection device. 
[0025] According to a fourth embodiment of the inven- 
tion, when one of the input and output voltage sensors 
fails, the voltage that would have otherwise been detect- 
ed by the failed voltage sensor is estimated on the basis 
of the controlled state of widths of the voltage to be con 



struction of one conventional voltage conversion 
system. 

DETAILED DESCRIPTION OF PREFERRED 
5 EMBODIMENTS 



-w.^w ,., uio wnvciiei ii. e. ihe auiy raao in tne convert- 
er) and the voltage detected by the other voltage sensor 
operating normally. Accordingly, even if one of the input 
and output voltages is not detected, the control is con- 
tinued by estimating the undetected voltage. 
[0026] Meanwhile, it is to be understood that the in- 
vention is not limited to the first to fourth embodiments 
described above. To the contrary, the invention also cov- 
ers in its scope a recording medium storing a program 
for implementing the voltage conversion method ac- 
cording to the third or fourth embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The above mentioned exemplary embodiment 
and other exemplary embodiments, objects, features, 
advantages, technical and industrial significance of this 
invention will be better understood by reading the fol- 
lowing detailed description of the exemplary embodi- 
ments of the invention, when considered in connection 
with the accompanying drawings, in which: 

Fig. 1 is a schematic view showing an overall con- 
struction of a voltage conversion system according 
to one embodiment of the invention; 
Fig. 2 is a schematic view showing an internal con- 
figuration of a control unit; 
Fig. 3 is a flowchart showing processes to be imple- 
mented for detecting an failure of a voltage sensor; 
Fig. 4 is a flowchart showing processes to be imple- 
mented in the event of a failure of a battery voltage 
sensor; 

Fig. 5 is a flowchart showing processes to be imple- 
mented in the event of a failure of an inverter input 
voltage sensor; and 

Fig. 6 is a schematic view showing an overall con- 



[0028] The preferred embodiments of the invention 
will hereinafter be described with reference to Fiqs 1 to 
6. 

10 [0029] Fig. 1 is a view showing construction of a first 
embodiment of the invention. As shown in Fig. 1 , a pos- 
itive terminal of a battery 1 0 is connected to a converter 
12. A capacitor C is connected between positive and 
negative output lines of the converter 1 2, which lines be- 
w ing respectively connected to positive and negative bus 
bars of an inverter 14. One end of each phase coil of a 
motor 1 6 is connected to a corresponding one of phase 
outputs of the inverter 14. The converter 12 includes a 
coil L, transistors Q1 , Q2 and diodes D1 , D2, while the 
20 inverter 1 4 includes transistors Q3 to Q8 and diodes D3 
to D8. Also, there provided current sensors 24a, 24b and 
24c for measuring currents of the respective phase out- 
puts supplied from the inverter 1 4 to the motor 1 6, a volt- 
age sensor 20 serving as an input voltage sensor for 
25 detecting the voltage of the battery 1 0 (battery voltage: 
converter input voltage) and another voltage sensor 22 
sewing as an output voltage sensor for detecting the 
voltage of the capacitor C (converter output voltage: in- 
verter input voltage). A control unit 26 is adapted to per- 
30 form the switching control of the converter 12, as e.g. a 
converter control portion, and the inverter 14 on the ba- 
sis of the detected values of the voltage sensors 20, 22 
and the current sensors 24a to 24c and a motor output 
command value which has been input to the control unit 
35 26. 

[0030] Fig. 2 shows the configuration of the control 
unit 26. As shown in Fig. 2, the motor output command 
value is input to a motor-control phase voltage calcula- 
tion unit 30. The calculation unit 30 receives signals In- 
40 dicative of the currents of the respective phase outputs 
supplied to the motor 1 6 detected by the current sensors 
24a, 24b, and 24c and a signal indicative of the input 
voltage of the inverter detected by the voltage sensor 
22. Using these informations, the calculation unit 30 cal- 
45 culates a phase voltage for controlling the motor output, 
namely, determines a voltage command signal indicat- 
ing the voltage to be applied to the end of each phase 
coil of the motor 16 so as to bring the output torque of 
the motor 16 to the motor output command value. 
so [0031] Subsequently, the voltage command value cal- 
culated by the motor-control phase voltage calculation 
unit 30 is supplied to an inverter-control PWM signal 
generator 32. The inverter-control PWM signal genera- 
tor is adapted to receive the predetermined triangular 
& wave as a carrier signal and generate a PWM signal in 
accordance with a result of a comparison between the 
triangular wave and the voltage command value for the 
phase outputs. The generated PWM signal is supplied 
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to a base of the respective transistors of the inverter 1 4 
to control the current of each phase output to the motor 
1 6. Needless to say, a known waveform of various kinds 
(e.g., a sign wave) may be used as a carrier signal in- 
stead of a triangular wave. * 
[0032] On the other hand, signals indicative of the bat- 
tery voltage detected by the voltage sensor 20 and the 
inverter input voltage detected by the voltage sensor 22 
are input to a duty ratio calculation unit 34. The duty ratio 
calculation unit 34 also receives an inverter input volt- 10 
age command value. This command value is generally 
a constant value, but it is preferable to increase the val- 
ue as the motor output torque increases. The duty ratio 
calculation unit 34 is adapted to determine a voltage 
command value indicative of the voltage to be achieved is 
at the connecting point of the transistors Q1 , Q2 and 
supply the determined voltage command value to a con- 
verter-control PWM signal generator 36. The converter- 
control PWM signal generator 36 determines on-duty 
time of each transistor Q1 or Q2 in accordance with a 20 
comparison between the voltage command value and 
the triangular wave, and outputs a corresponding PWM 
signal for controlling the transistors Q1 , Q2. Thus, the 
converter 12 is controlled by switching on/off the tran- 
sistors Q1, Q2 according to the PWM signal, so as to 
raise the voltage to the target level. 
[0033] Thus, the control unit 26 controls the output 
torque of the motor 16 so as to achieve the command 
value while controlling the inverter input voltage to its 
target value continuously. 

[0034] In addition, the control unit 26 in the embodi- 
ment also functions to detect an abnormality such as a 
failure of each voltage sensor 20 or 22 and estimate the 
voltage which would have otherwise been detected by 
the failed voltage sensor in the event of a failure of each 
sensor, as described in detail in the following. 
[0035] First, the detection of a failure of each voltage 
sensor will be described with reference to Fig. 3. The 
control unit 26 first reads battery voltage V1 detected by 
the voltage sensor 20 (step S1 1) and inverter input volt- 
age V2 detected by the voltage sensor 22 (step S12). 
Subsequently, the control unit 26 reads a variable "duty" 
indicative of the on-duty time of the transistor Q located 
in the upper side of the converter 12, which value has 
been determined in the control unit 26 (step S13). The 
control unit 26 then calculates "AV = V1 - V2 x duty" 
(step S14). Here, "V2 x duty" surely represents the av- 
erage voltage at the connecting point of the transistors 
Q 1 , Q2 and corresponds to the voltage V1 of the battery 
10. Thus, "AV° that represents the difference between 
these values is basically a small value. 
[0036] Next, it is determined whether "AV represent- 
ing the voltage difference is larger than a predetermined 
threshold a (step S15). If "NO" is given in the determi- 
nation of step S1 5, it is determined that the voltage sen- 
sors are both operating normally (step S16). If "YES" is 
given in the determination, conversely, a failure of the 
voltage sensor is determined (step S17). 



[0037] According to the embodiment, as described 
above, an abnormality of each voltage sensor 20 or 22 
is effectively detected by determining whether the val- 
ues detected by the respective voltage sensors 20, 22 
conform to the state of the voltage conversion being per- 
formed in the converter 12. 

[0038] In the meantime, the failed voltage sensor is 
not specified in the above determination processes. It is 
however possible to determine a failure of the voltage 
sensor 20 detecting the battery voltage, when the bat- 
tery voltage which, basically, does not largely change is 
significantly different from the standard value. Also, it is 
possible to estimate the inverter input voltage from the 
detected values of the current sensors 24a to 24c and 
the operating state of the inverter 14. Accordingly, it is 
preferable to determine which voltage sensor fails by es- 
timating the battery voltage and the inverter input volt- 
age based on such other informations. Furthermore, by 
integrating these informations, an abnormality of the 
converter 12 and the inverter 14 can also be detected. 
[0039] Hereinafter, processes to be implemented in 
the event of a failure of the battery voltage sensor 20 
will be described with reference to Fig. 4. First, the con- 
trol unit 26 reads the inverter input voltage V2 (step 
S21 ), and reads the duty ratio "duty" in the converter 1 2 
(step S22). Subsequently, the control unit 26 obtains 
battery voltage estimated value V1* by calculating "VV 
= V2 x duty" (step S23). By using the obtained estimat- 
ed value V1 ', the control unit 26 performs the switching 
control of th e converter 1 2 so as to maintain the inverter 
input voltage V2 to a predetermined value. 
[0040] Next, processes to be implemented in the 
event of a failure of the Inverter Input voltage sensor 22 
will be described with reference to Fig. 5. First, the con- 
trol unit 26 reads the battery voltage V1 (step S31) and 
the duty ratio "duty" in the converter 12 (step S32). Sub- 
sequently, the control unit 26 obtains inverter input volt- 
age estimated value V2 1 by calculating "V2* = V1 x duty" 
(step S33). By using the obtained estimated value V2\ 
the control unit 26 performs the switching control of the 
converter 12 and the inverter 14 so as to maintain the 
inverter input voltage V2 to a predetermined value, thus 
achieving a desired operation of the motor 1 6. 
[0041] According to the embodiment, as described 
above, a failure of each voltage sensor 20 or 22 is de- 
tected on the basis of the switching state (duty ratio) in 
the converter. Thus, the detection of a failure of each 
voltage sensor is effected without providing two voltage 
sensors in each location, namely without providing two 
voltage sensors for detecting the input voltage of the 
converter and another two voltage sensors for detecting 
the input voltage of the inverter. Also, when one of the 
voltage sensors fails, the voltage which would have oth- 
erwise been detected by the failed voltage sensor is es- 
timated on the basis of the duty ratio in the converter 
and the voltage detected by the other voltage sensor 
operating normally. In the embodiment, accordingly, 
even if one of the input and output voltages of the con- 
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verier is not detected, the control is continued by esti- 
mating the undetected voi nge. 
[0042] Meanwhile, although it is true that the voltage 
conversion system constructed as described above is 
used most effectively for a drive motor of an electric or 5 
hybrid motor vehicle, it may preferably be used also for 4. 
other motors having a large capacity such as a power 
steering motor. 

[0043] According to the embodiment of the invention, 
as described above, a failure of the input or output volt- 10 
age sensor is detected on the basis of the controlled 
state of widths of the voltage to be converted in the con- 
verter, like the switching state (duty ratio) of the switch- 
ing elements constituting the converter. Thus, the de- 
tection of a failure of each voltage sensor can be effect- is 
ed without providing two voltage sensors in each loca- 
tion. 

[0044] Also, in the case that one of the input and out- 
put voltage sensors fails, the voltage that would have 5. 
otherwise been detected by the failed voltage sensor is 20 
estimated on the basis of the controlled state of widths 
of the voltage to be converted in the converter (the duty 
ratio in the converter). Accordingly, even if one of the 
input and output voltages can not be detected, the con- 
trol is continued by estimating the undetected voltage. 25 

6. 



Claims 

1. A voltage conversion system provided with a con- so 
verter ( 1 2) that converts a voltage, a converter con- 7. 
trol portion (26) that variably controls widths of the 
voltage to be converted in the converter (1 2), an In- 
put voltage sensor (20) that detects an input voltage 

of the converter (12), and an output voltage sensor 55 
(22) that detects an output voltage of the converter 
(12), the system characterized by comprising: 

a control unit (26) that determines the presence 
of an abnormality of the input voltage sensor 40 
(20) or the output voltage sensor (22) on the 
basis of a controlling state in which widths of 
the voltage to be converted Is controlled by the 
converter control portion (26). 

45 

2. The system according to claim 1 characterized in 
that; 

the control unit (26) estimates an input voltage 8. 
of the converter (12) from a controlled state of 
widths of the voltage to be converted and the output so 
voltage of the converter (1 2) detected by the output 
voltage sensor (22) when the abnormality of the in- 
put voltage sensor (20) is determined. 

3. The system according to claim 1 characterized in ss 
that; 

the control unit (26) estimates an output volt- 
age of the converter (12) from a controlled state of 



widths of the voltage to be converted and the input 
voltage of the converter (12) detected by the input 
voltage sensor (20) when the abnormality of the out- 
put voltage sensor (22) is determined. 

The system according to any one of claims 1 to 3, 
characterized in that; 

the converter (12) is constituted of a plurality 
of switching elements (Q1, Q2), 

the converter control portion (26) changes 
widths of the voltage to be converted in the convert- 
er (1 2) by controlling a switching state of the switch- 
ing elements, and 

the control unit (26) determines the presence 
of the abnormality of the input voltage sensor (20) 
or the output voltage sensor (22) on the basis of the 
switching state of the switching elements (Q1 , Q2). 

The system according to any one of claims 1 to 4, 
further comprising; 

an inverter (1 4) being arranged to be supplied 
with the voltage converted in the converter (1 ZY and 
in that an output of the inverter (14) is connected to 
an alternating current load (16). 

The system according to claim 5 characterized in 
that; 

the alternating current load (16) is a motor for 
driving a vehicle. 

A voltage conversion system provided with a con- 
verter (12) that converts a voltage, a voltage detec- 
tion means (20, 22) hat detects one of an input volt- 
age and an output voltage of the converter (1 2), and 
a converter control portion (26) that variably con- 
trols widths of the voltage to be converted in the 
converter (12), the system characterized by com- 
prising: 

a control unit (26) that estimates one of the in- 
put voltage and the output voltage of the con- 
verter (12) that has not been detected by the 
voltage detection means (20, 22) on the basis 
of a controlling state in which widths of the volt- 
age to be converted is controlled by the con- 
verter control portion (26). 

The system according to claim 7 characterized in 
that; 

the converter (12) is constituted of a plurality 
of switching elements (Q1 , Q2), 

the converter control portion (26) changes 
widths of the voltage to be converted in the convert- 
er (1 2) by controlling a switching state of the switch- 
ing elements (Q1, Q2), and 

the control unit (26) determines the presence 
of an abnormality of the input voltage sensor (20) 
orthe output voltage sensor (22) on the basis of the 
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switching state of the switching elements (Q1 , Q2). 

9. The system according to claim 7 or 8, character- 
ized by further comprising; an inverter (14) being 
arranged to be supplied with the voltage converted s 
in the converter (12), 

in that an output of the inverter (14) is con- 
nected to an alternating current load (1 6). 

10. The system according to claim 9 characterized in 
that; 

The alternating current load (16) is a motor for 
driving a vehicle. 

11. A voltage conversion method of a system compris- 
ing a converter (12) that converts a voltage and is 
controlled to variably change widths of the voltage 
to be converted in the converter (12). an input volt- 
age sensor (20) that detects an input voltage of the 
converter (12), and an output voltage sensor (22) 
that detects output voltage of the converter (12), the 
method comprising: 



14. A recording medium storing a program that exe- 
cutes a detection of one of an input voltage and an 
output voltage of a converter (1 2) which converts a 
voltage and is controlled to variably change widths 
of the voltage to be converted and an estimation of 
one of the input voltage and the output voltage of 
the converter (1 2) that has not been detected on the 
basis of a controlled state of widths of the voltage 
to be converted in the converter (12) and the other 
of the input voltage and the output voltage of the 
converter (12) that has been detected, the record- 
ing medium being readable on a computer. 
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determining the presence of an abnormality of 
the input voltage sensor (20) or the output volt- 25 
age sensor (22) on the basis of a controlled 
state of widths of the voltage to be converted in 
the converter (12). 

12. A voltage conversion method of a system compris- so 
ing a converter (12) that converts a voltage and is 
controlled to variably change widths of the voltage 
to be converted in the converter (1 2), and a voltage 
detection means (20, 22) that detects one of an in- 
put voltage and an output voltage of the converter ss 
(12), the voltage conversion method comprising: 

estimating one of the input voltage and the out- 
put voltage of the converter (12) that has not 
been detected by the voltage detection means 40 
(20, 22) on the basis of a controlled state of 
widths of the voltage to be converted in the con- 
verter (12) and the other of the input voltage 
and the output voltage of the converter (1 2) that 
has been detected by the voltage detection 45 
means (20, 22). 



13. A recording medium storing a program that exe- 
cutes a detection of an input voltage and an output 
voltage of a converter (12) which converts a voltage so 
and is controlled to variably change widths of the 
voltage to be converted and a determination on the 
presence of an abnormal ity of the input voltage sen- 
sor (20) or the output voltage sensor (22) on the ba- 
sis of a controlled state of widths of the voltage to ss 
be converted in the converter (12), the recording 
medium being readable on a computer. 
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